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• Need for more sensitive detectors: 

 
•  Thermal mapping of cold planetary 

bodies  
 
• Study of atmospheric molecular species 

using Fourier Transform Spectrometer 
(FTS) applications. 

 
• Outer planets and icy satellites  missions  

 
• Future Uranus, Neptune, Titan missions 

 
  

Enceladus 

Europa 

Rationale: 
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Introduction:  The Composite Infrared Spectrome-

ter (CIRS, Figure 1), one of the optical remote sensing 

instruments on Cassini, has been performing success-

fully since its launch in October, 1997 [1, 2]. After 

fifteen years many features of the hardware and opera-

tion of CIRS still lead the field in infrared spectrome-

ters for space. CIRS is a Fourier transform spectrome-

ter (FTS) designed to record thermal infrared spectra 

of Saturn and it’s rings and moons to study their tem-

perature structures, compositions and atmospheric dy-

namics (Figure 2). CIRS covers over two orders of 

magnitude in wavelength, 7 to 1000 mm, with spectral 

resolutions between 0.5 and 15 cm
-1

 that can be se-

lected to achieve the science goals of individual obser-

vations. CIRS has been used by Cassini scientists to 

characterize storms on Saturn, seasonal changes on 

Titan, hot fissures on Enceladus and thermal properties 

of the rings. 

 

Several design aspects of CIRS, which are still consid-

ered front-line FTS technology, were tried for the first 

time on this mission. CIRS combines two interferome-

ters to cover the wide wavelength range. A Michelson 

interferometer covers 7-17 mm with a potassium bro-

mide beamsplitter, while a Martin-Puplett interferome-

ter covers 17-1000 mm with a polarizer beamsplitter 

combined with polarizers at the input and output. CIRS 

has three focal planes: a single field-of-view in the 

long-wave interferometer and two 10-element arrays in 

the short-wave interferometer. Thermocouple detectors 

in the long-wave and HgCdTe detectors in the short-

wave optimize the sensitivity in three spectral bands. 

Retroreflectors in the two interferometers are both 

translated with a single mirror transport mechanism. A 

hollow cube-corner retroreflector is used in the short-

wave interferometer and a dihedral mirror is used in 

the long-wave interferometer. The reference interfer-

ometer uses a diode laser to generate control fringes 

and an LED for a “white-light” fringe to initiate sam-

pling. A large amount of instrument status data, re-

corded with each spectrum, is used in spectral calibra-

tion, health monitoring and trouble-shooting. 

 

Although the instrument has consistently recorded 

high-quality data and met the goals of the investiga-

tion, certain “quirks” in the functioning of the instru-

ment itself, as well as it’s interaction with other in-

struments and with the spacecraft, have sometimes 

challenged the team as it operates CIRS and uses its 

data. Solving these unexpected problems has often led 

to innovations that may be applicable to any space-

borne FTS. 

 

References: [1] Kunde, V. G. et al. (1996) SPIE 

2803,162–177. [2] Flasar, F. M. et al. (2004) Space Sci-

ence Reviews, 115, 169–297.  

 

 
 

Figure 1. CIRS during integration on Cassini. 

 

 
Figure 2. A spectrum of Saturn’s moon Titan combin-

ing data from all three CIRS focal planes. 
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CIRS/Cassini instrument 

FTS: Improvement in the long wavelength portion of  
the spectrum 

• Single pixels ---FTS 
• Linear array ---Push broom configuration/  
thermal mapping 
• 2-D array--- Far-IR camera  



• CIRS/Cassini:  
• FIR focal plane 
• Two single BiTe thermal detectors 

(thermopiles) operating at 170 K;  
• Each detector with a specific detectivity, D* 

~ 3x 109 cmHz1/2/W near the low frequency 
end of a 0.4-to-30 Hz band pass. 

 
• Commercially available pyroelectrics have a D* ~ 

7x108 cmHz1/2/W  and operate at 300K 
 

• YBCuO has good sensitivity ~ 1x1010 cmHz1/2/W 
-But grows only on R-plane sapphire, LaAlO3.. 
-Difficult to architecture 
- Time constant ≥ 100 ms 

What is available for far–IR investigation   

Enceladus 

Mimas 



 

• New smaller FTS under development (J. Brasunas is PI) 

• Less than ½ the mass of CIRS/Cassini 

• Baselines high Tc superconduting thermal detector at far-IR focal plane 

• Magnesium diboride (MgB2)  

• Yitrium Barium Copper Oxide (YBCuO) 

 

 

Cirs-Lite 

Brasunas et al. 



MgB2 far-IR detector development 

Our interest in MgB2: 
 
• Simple binary, intermetallic compound as opposed 

to YBCuO 
 

• Superconducts near 38 K 
 

• Grows on Si- SiN substrates and not exclusively on 
R-plane Al2O3 or LaAlO3. Easy to architecture ( R 
and bias). 
 

• Has the desirable properties for the development 
of sensitive high-Tc bolometers 
 

• Recent positive advances in deposition techniques  
 

• Quality polycrystalline MgB2 with Tc  near 38K 
 
 
 

MgB2 on SiN pixel 
Superficies y Vacío 13, 57-60, Diciembre 2001 ãSociedad Mexicana de Ciencia de Superficies y de Vacío 
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method are in a good agreement (15%) with the 4He BS 

determinations. 

A plane silicon substrate was also irradiated under the 
same condition as MgB2 films in order to discard the 

oxygen in the silicon wafer. This measurement does not 

show any oxygen present in the substrate and one can 

conclude that the oxygen is incorporated in the MgB2 film 

only. The spectrum for the MgB 2/Al2O3 sample is shown in 

Fig. 4. Again, 4 layers were necessary to fit the spectrum. 

Results of this measurement are summarized in Table 1. 

Currently, experiments are on the way in which we are 

using other beams and other nuclear reactions in order to 

increase the sensitivity of our method as to determine the 

content of individual components. By this procedure we 

will be able to distinguish increased intensity peaks coming 
from individual components without their overlapping. 

 

4. Summary 

 

We prepared MgB2 superconducting films 300 nm thick 

by e-beam vacuum evaporation of Mg and B components 

followed by an in-situ annealing of the Mg-B precursors. 

Because of volatility of Mg, the precursor deposition was 

performed at a room temperature.  

The zero resistance critical temperature values for the 

best samples were Tco = 28K for MgB2/sapphire and Tco = 
19K for MgB2/Si films. The XRD diffraction patterns 

measured in the grazing incidence geometry did not show 

any intensity peaks which indicates a nanocrystalline 

structure of the synthesized films confirmed also by our 

SEM observations. 

Results of the RBS analysis as well as those of elastic 
16

O(a,a)
16

O scattering resonance at 3.045 MeV for the 
determination of the oxygen content showed the elemental 

composition along the film thickness. It is of primary 

importance to determine especially the oxygen content 

inside the film as well as on the film/substrate interface 

and, eventually,  also  inside  the substrate.  In  the  case  of   

Si substrate used, the highest oxygen content was found on 
the film surface decreasing towards the film thickness. In 

the case of sapphire substrate, the highest oxygen content is 

on the film/substrate interface bound probably to Mg and 

eventually also to B. We expect to obtain more information 

concerning the Mg-O and/or B-O binding from Auger 

and/or XPS spectroscopy. These experiments are currently 

on the way. 
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Figure 2. R vs. T dependence for MgB2/Si sample. In this case Tco = 

19 K and the onset value is Ton = 28.2 K. 
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Figure 3. The BS spectrum (dots) obtained from MgB2/Si sample by 

bombarding it with 3.100 MeV 
4
He

+
 beam. The detector was set at 

170° as to measure the energy of all the particles produced by the 

bombardment. The solid line is the SIMNRA simulation. 
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Figure 4. The BS spectrum (dots) obtained from MgB2/Al2O3 sample. 

All experimental conditions were similar as those  presented in Fig. 3 

 



Fabricated 10x10 MgB2 array (250 x 250 µm each) 

Thin film MgB2 bolometer with resistive meander line (no absorber) 



MgB2: 
 

• Better sensitivity than thermopiles and YBCuO 
• Better time constant 
• Easier to produce single and 2-D arrays 

 

B. Lakew, S. Aslam et al. 

More at: 

Temp K Optical 
Sensitivity D* 

Thermopile 
 

150-170 3x109 

YBCuO 
 

90 1x1010 

MgB2 
 

38 ~8.3x1010 



In conclusion: 

MgB2 is a better alternative to thermopiles and YBCuO 
Easier to produce using MEMS processing 
 
Challenge: Needs a cryocooler to operate at the transition. 

  
TRL3 + cryocooler 

  


